Introduction
As is well-known the hexagonal convection cells observed by Benard (1900) were actually driven by surface tension gradients as was established experimentally by Block (1956) and explained theoretically by Pearson (1958) . Pearson's linear theory assumes that the convective motions are driven exclusively by surface tension forces without a contribution of buoyancy, that means that the acceleration of gravity was set zero. Onset of surface tension driven convection is determined by the critical Marangoni number and the cells are characterized by a unique critical wave number.
The combined surface tension driven and buoyancy problem was studied by Nield (1964) Nonlinear theories dealing with supercritical surface tension driven convection in fluid layer of infinite horizontal extent have been published by Scanlon and Segel (1969) , Kraska and Sani (1979) and Cloot and Lebon (1984) . Supercritical surface tension driven convection in small circular containers has been studied by Rosenblat, Davis and Homsy (1982) . The papers dealing with supercritical surface tension driven convection in infinite layers arrive at the conclusion that the hexagonal pattern is the only stable supercritical pattern and hence preferred. Only Cloot and Lebon make a statement about the wave number of the supercritical cells, they predict that the wave number of the supercritical motions is larger than the critical wave number and is nonunique, in the case that the Rayleigh number is zero, i.e. is the absence of buoyancy. On the other hand, the wave numbers are predicted to be smaller than the critical wave number and nonunique for values of the Rayleigh number 400 < R < 500, that means when buoyancy is present but small.
Little is known from experiments about the variation of the size of the hexagonal convection cells in surface tension driven convection when the temperature difference or the Marangoni number is increased above critical. The best piece of information about this question can be found in Benard's (1900) original paper, where it is shown in Fig. 23 that the size of the cells in very thin and very wide layers varied with the applied temperature difference from larger cells at large AT, to a minimum size at moderate AT, to a somewhat larger size again at the critical temperature difference. The concept of the critical temperature difference was not known to Benard but is apparent from the fact that the cells disappeared at this AT when AT was decreased. The only way Benard could vary the temperature difference across the fluid was by permitting the metal block at the bottom of the layer to cool down from an initial temperature of 100°C, thus AT decreased in his experiments. To our knowledge Be"nard's observation of the variation of the cell size has not been mentioned in the modern literature although his observations were discussed in a review of the Be"nard problem by Koschmieder (1974) . Dauzere (1912) published convincing pictures showing that the size of hexagonal convection cells increased when the applied temperature difference was increased above the maximal AT used by Be"nard. This confirms the trend towards larger convection cells with increased AT reported by B6nard. Since the cell size is inversely proportional to the wave number and since Be"nard decreased the applied temperature difference, whereas we increase the temperature difference, we shall here, in order to avoid confusion later on, state Benard 1 s observation as follows. His observations showed that the wave number of the motions increases when after onset of convection the temperature difference is increased, the wave number reaches a maximum, and decreases substantially when AT is increased further.
The increasing cell size of surface tension driven convection observed by Benard and Dauzere follows the same trend as the increase of the cell size in Rayleigh-B£nard convection. This has been observed in many experiments which have been reviewed by Koschmieder (1974) . The increase of the cell size of surface tension driven hexagonal convection cells has recently been confirmed by Cerisier et al. (1987a) . The observed increase of the hexagonal cell size seems to contradict Be"nard's observation that the cell size had a minimum from which the cell diameters increased with decreased AT until they disappeared at the critical condition. We will prove in the following that Benard's observation of an initially decreasing cell size was correct, and that the decrease of the cell size under slightly supercritical conditions is characteristic for the variation of the cell size of surface tension driven convection. We will also show that the supercritical cell size of surface tension driven convection is unique within the experimental error.
The apparatus
The apparatus is a modified version of the apparatus used by Koschmieder and Biggerstaff (1986) Table 1 . The onset of convection of purely surface tension driven convection under an insulating surface takes place at MC = 79.61 according to Nield (1964) with the critical wave number being a c = 1.993; the onset of purely buoyancy driven convection under an insulating surface takes place at R c = 669.0 with the critical wave number being a c = 2.086, according to Nield too. We note that according to Pearson, as well as Nield, the critical wave number changes when the upper surface is not insulating, and can increase by 50% if the upper surface is conducting in the surface tension driven case. In the experiments to be described the upper surface condition is nearly insulating, that means that the Biot number is near zero.
The actual temperature differences applied to the fluid layer has to be calculated from the temperature difference between the copper bottom plate under an insulating surface is ac = 1.993, according to Nield (1964) . The wave number found will be compared with the wave numbers found in the other layers and with the theoretical critical wave number later on.
The qualitative results with the 1.9 mm deep layer raised the question whether they do not contradict the observations of Dauzere (1912) and Cerisier et al. (1987a) . On the other hand they confirm the first part of We summarize the results of experiments with the different fluid layers in Table 2 . As we see there the observed critical wave numbers of the experiments are in the range from 1.85 to 1.90. The experimental uncertainty of the wave numbers is 2-3%. It seems to be fortuitous that the value of a cexp is about 1.85 in three of the four layers. We attribute the 7% difference between the experimental value 1.85 and the theoretical value 1.99 to the effects of the lateral wall. A smaller wave number means larger cells, and the cells at the wall are obviously larger than cells in the interior of the layer. We also note that a very large fraction of the number of cells is affected by the wall; in the 1.90 mm deep layer more than 20% of the cells are in contact with the wall. We therefore believe that the observed wave numbers at the onset of convection are in reasonable agreement with the theoretical prediction.
The results concerning the onset of convection in the different fluid layers are presented in Table 2 in the column with the ratio M ce /M c t-There seems to be a decrease of this ratio as the depth of the fluid is decreased.
But we note that we cannot expect that the experimental Marangoni numbers are more accurate than ± 10% on an absolute scale. This is so because we do not know the value of dS/dT with an accuracy better than ± 5%, and we also do not know the value of AT with an accuracy better than a couple of percent. This is so because AT has to be calculated with equation Table 2 . There is certainly the same tendency for the ratios M ce /M c t to decrease with decreased depth. There is also the same apparent failure to continue the decrease of M ce between 3 mm depth and 1.90 mm depth to the 1.20 mm layer that we see in Table 2 . However, Koschmieder (1974) . In the present series of experiments we cannot blame a scratch on the bottom for the formation of the star, as we did then. It can, of course, not be excluded that there was an impurity at the center of the star, such as a grain of dust or a piece of lint, but we have never been able to locate such a disturbance after the experiment. It simply may be that the formation of the star is a natural way of the pattern to accomplish a change of the wave number. B6nard convection under supercritical conditions which was discovered by Koschmieder (1966) . The decrease of the wave number of supercritical Rayleigh-Benard convection is discussed in detail in Koschmieder (1974) .
The variation of the wave number of the convective motions is a consequence of nonlinear effects and is of prime interest for the nonlinear theory of these instabilities.
The second result obtained from our observation is the apparent uniqueness of supercritical surface tension driven convection. This is important because according to linear theory the flow can be nonunique at a given supercritical Marangoni number, the theoretical nonuniqueness permitting wave numbers smaller as well as larger than the critical wave number. The nonlinear theory of Cloot and Lebon (1984) Open circles mark first temperature increase, full circles the following decrease of the temperature difference, and crossed out circles mark the second temperature increase. 
